To grow to a high cell density in milk, lactic acid bacteria express a complex proteolytic enzyme system which provides essential amino acids via hydrolysis of casein. In addition to providing essential amino acids, these proteolytic enzymes are involved in the development of flavor in fermented dairy products (16) . While the proteolytic system of lactococci is relatively well characterized (17) , less is known concerning the proteolytic systems of other lactic acid bacteria.
Interest in the proteolytic system of Lactobacillus helveticus CNRZ32 is related to this strain's demonstrated ability to reduce bitterness and accelerate cheese flavor development (2, 3) . The characterization of the L. helveticus CNRZ32 proteolytic system completed to date includes the purification and characterization of an X-prolyl dipeptidyl aminopeptidase (X-PDAP) (12) , the purification and characterization of a metal-dependent general aminopeptidase (PepN) (13) , and the identification of genes encoding six distinct exopeptidase activities in a genomic library of CNRZ32 (15) . In this communication, we report the characterization and distribution of a thiol-dependent general aminopeptidase (PepC) gene.
Localization of pepC. Previously, the CNRZ32 pepC gene was identified on a 4.8-kbp insert in an L. helveticus CNRZ32 genomic library (15) . In the present study, the pepC gene was localized to a 1.2-to 2.5-kbp region by TnS mutagenesis (4) (data not shown). A 2.1-kb KpnI-SphI fragment from this region was cloned in pJDC9 (6) Fig. 1 ) (25) . The molecular mass of the protein deduced from the ORF was calculated to be 48.84 kDa. At present, there is no report available regarding purification and characterization of PepC from lactobacilli. However, PepC from Lactococcus lactis subsp. cremoris AM2 has been studied in detail and determined to be a hexamer with a 50-kDa monomeric size (14) . The lactococcal PepC was found to be sensitive to several thiol-group inhibitors (14) and localized intracellularly as evidenced from immunoblotting of cell fractions and immunogold labeling of whole cells (24) . The deduced monomeric molecular mass of the CNRZ32 PepC (48.84 kDa) is similar to that of the Lactococcus lactis subsp. cremoris AM2 PepC. High amino acid sequence identity was also observed with the recently sequenced AM2 PepC (54%; 198 residues of 368 residues compared) (5). However, only 36% homology was observed at the nucleic acid level. These results suggest that codon usage differs between these two organisms. Additionally, high amino acid sequence identity was observed with bleomycin hydrolases from Saccharomyces cerevisiae (38%; 129 residues of 337 residues compared) (9) and rabbits (44%; 97 residues of 222 residues compared) (20) . Sequence identity was also observed with highly conserved active-site regions of several eukaryotic cysteine proteinases, such as cathepsins L (26) and B and H (23), chymopapain (27) , and aleurain (18) (Fig. 2) . The protein sequence homology search identified two motifs characteristic of proteinases belonging to the cysteine proteinase family. In all cases, amino acid residues involved in the catalysis (10) were also found to be conserved in the CNRZ32 PepC (Gln-64, Cys-70, His-364, Asn-385, and Trp-387). The conserved amino acid residues were located in two domains, one in the N-terminal region and the other in the C-terminal region. Recently, it has been proposed to differentiate cysteine proteinases into two subfamilies on the basis of an ERFNIN motif, thought to PANEL B prevent protease action prior to activation of the proenzyme, which is present in most cysteine proteinases but absent in cathepsin B-like proteinases (11) . This motif was not observed in CNRZ32 PepC, lactococcal PepC, or bleomycin hydrolase from either S. cerevisiae or rabbits. These results indicate that the CNRZ32 PepC is not synthesized as a proenzyme. Additionally, no typical gram-positive signal sequence (21) was found, suggesting that the CNRZ32 PepC is located intracellularly.
Distribution ofpepC in lactic acid bacteria. The distribution of homology to the CNRZ32 pepC gene was examined by Southern hybridization (22) employing the Nonradioactive Genius kit (Boehringer Mannheim Biochemicals, Indianapolis, Ind.) and a 0.7-kb SspI-EcoRI CNRZ32pepC fragment as the probe. Different stringencies were achieved by incorporating 10 or 50% (vol/vol) formamide during prehybridization and hybridization. Under high stringency conditions, the CNRZ32 pepC probe hybridized with a single chromosomal fragment of L. helveticus CNRZ32 and ATCC 10797 and Lactobacillus delbrueckii subsp. bulgaricus JLS110 and JLS160 (Fig. 3B) . When low stringency conditions were employed, an additional band was observed in L. helveticus CNRZ32 and ATCC 10797 and L. delbrueckii subsp. bulgaricus JLS160 (Fig. 3A) . These results suggest that an additional pepC-related sequence is present in these strains. Hybridization was detected with strains of Lactobacillus casei (Fig. 3A) and Leuconostoc mesenteroides subsp. cremoris, Pediococcus pentosaceus, Streptococcus thermophilus, and Lactococcus lactis (Fig. 4) Nucleotide sequence accession number. The GenBank accession number for the nucleotide sequence of the CNRZ32 pepC gene is L26223.
